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Abstract

Background:

In patients with congenital long QT syndrome (LQTS), the risk of ventricular arrhythmia is
correlated with the duration of the corrected QT interval and the changes in the ST-T wave
pattern on the 12-lead surface electrocardiogram (12L-ECG). Remote monitoring of these
variables could be useful.

Aim:

To evaluate the abilities of two wearable electrocardiogram devices (Apple Watch and
KardiaMobile 6L) to provide reliable electrocardiograms in terms of corrected QT interval
and ST-T wave patterns in patients with LQTS.

Methods:

In a prospective multicentre study (ClinicalTrials.gov identifier: NCT04728100), a 12L-
ECG, a 6-lead KardiaMobile 6L electrocardiogram and two single-lead Apple Watch
electrocardiograms were recorded in patients with LQTS. The corrected QT interval and ST-T
wave patterns were evaluated manually.

Results:

Overall, 98 patients with LQTS were included; 12.2% were children and 92.8% had a
pathogenic variant in an LQTS gene. The main genotypes were LQTS type 1 (40.8%), LQTS
type 2 (36.7%) and LQTS type 3 (7.1%); rarer genotypes were also represented. When
comparing the ST-T wave patterns obtained with the 12L-ECG, the level of agreement was
moderate with the Apple Watch (k=0.593) and substantial with the KardiaMobile 6L
(k=0.651). Regarding the corrected QT interval, the correlation with 12L-ECG was strong for
the Apple Watch (r=0.703 in lead I1) and moderate for the KardiaMobile 6L (r=0.593). There
was a slight overestimation of corrected QT interval with the Apple Watch and a subtle
underestimation with the KardiaMobile 6L.

Conclusions: In patients with LQTS, the corrected QT interval and ST-T wave patterns
obtained with the Apple Watch and the KardiaMobile 6L correlated with the 12L-ECG.
Although wearable electrocardiogram devices cannot replace the 12L-ECG for the follow-up
of these patients, they could be interesting additional monitoring tools.

Abbreviations

12L-ECG 12-lead surface electrocardiogram; AW Apple Watch; Cl confidence interval; K6L
KardiaMobile 6L; LQTS congenital long QT syndrome; LQT1 (.. .2, 3, 5, 8) long QT syndrome type 1 (. .
.2, 3,5, 8); QTc corrected QT interval.
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1.Background

Congenital long QT syndrome (LQTS) is a rare inherited heart disease leading to a risk of
sudden cardiac death from ventricular arrhythmia in young patients. The genotype-phenotype
correlation is strong in LQTS between the ST-T wave patterns on the 12-leadsurface
electrocardiogram (12L-ECG) and the triggers of ventricular arrhythmia [1, 2]. While
awaiting the results of the genetic analysis in a patient newly diagnosed with LQTS, a
meticulous analysis of the ST-T wave pattern on the 12L-ECG often helps to determine the
gene involved, and thus enables genotype-specific preventive strategies to be initiated. The
electrocardiogram fluctuates highly over time in patients with LQTS, depending on intrinsic
and extrinsic modulators. The short-term risk of ventricular arrhythmia is closely correlated to
the size of the corrected QT interval (QTc)increment (it increases by 15% for each 10 ms of
QTc prolongation in the three more common genotypes [3]) as well as to changes in ST-T
wave morphology (e.g. giant T-U waves are often the harbinger of a torsade de pointes in
patients with LQTS [4]).

As it allows determination of ST-T wave patterns and the duration of the QTc, the 12L-ECG
is an essential tool for the follow-up of patients with LQTS. However, it is not suitable for
remote monitoring, which can be very useful in the event of an acute phenomenon that is
likely to transiently lengthen the duration of repolarization. Wearable electrocardiogram
devices connected to smartphones have been developed recently, with the initial aim of
screening for atrial fibrillation. Some studies have shown that the quality of
electrocardiograms obtained with the Apple Watch (AW; Apple Inc., Cupertino, CA, USA)
and the KardiaMobile 6L (K6L; Alive CorInc., Mountain View, CA, USA) allows reliable
measurement of the QTc in the general population [5-7]. As assessment of the QTc is more
complex in patients with LQTS [8], an evaluation of the performance of these devices in the
different genotypes of LQTS is mandatory before they can be used in clinical practice. Initial
single-centre studies carried out with the AW [9] and the K6L [10] have shown that the QTc
duration obtained with these devices is potentially close to that obtained with the 12 L-ECG in
patients with LQTS, paving the way for studies comparing the two devices in this disease.

In this multicentre study, we sought to evaluate the ability of two wearable electrocardiogram
devices (AW and K6L) to obtain reliable electrocardiograms, in terms of QTc duration and
ST-T wave pattern, in a large cohort of patients with LQTS.3.



2.Methods

2.1. Study population

The SMART-QT study was a prospective multicentre study. Children and adult patients with
LQTS were enrolled from four French university centres (Lyon, Paris, Bordeaux and
Montpellier) between March 2021 and May 2023. LQTS had to be diagnosed with at least one
of the following criteria: (1) QTc > 480 ms in repeated 12L-ECGs in the absence of secondary
causes of QT prolongation; (2)Fig. 1. Method for the measurement of the QT interval and the
calculation of the corrected QT (QTc; Bazett’s formula). The electrocardiogram shown as an
example is obtained with the Apple Watch (lead I1) in a patient with long QT syndrome typel.
Measurements were performed manually using a digital caliper (EP Caliper). RR:RR interval.
a pathogenic (or likely pathogenic) variant in an LQTS gene according to the American
College of Medical Genetics and Genomics /American Association of Molecular Pathology
(ACMG/AMP) criteria [11]; and (3) QTc > 460 ms in repeated 12L-ECGs in patients with
presumed arrhythmic syncope in the absence of secondary causes of QT prolongation. The
quality of the 12L-ECG obtained on the day of the recordings had to be sufficient to allow
determination of the duration of the QTc and the ST-T wave pattern. The three record-ings
(12L-ECG, AW and K6L) had to be made during the same visit. All the patients (and, for
children, their legal representatives) gave informed consent. The study was approved by the
Tle-de-France 1V Institutional Review Board (IRB 00003835).
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Fig. 1. Method for the measurement of the QT interval and the calculation of the
corrected QT (QTc; Bazett's formula). The electrocardiogram shown as an example
is obtained with the Apple Watch (lead II) in a patient with long QT syndrome type
I. Measurements were performed manually using a digital caliper (EP Caliper). RR:
RR interval.



2.2. Electrocardiogram acquisitions

A 12L-ECG was first recorded while supine, with a paper speed of 25 mm/s. Next, an AW
Series 6 was used to record two consecutive 30-second 1-lead electrocardiograms (leads I1
and V5) while supine, by moving the AW [7,12] (for lead II: AW in left lower abdomen with
right finger on the crown; for lead V5: AW in anterior axillary line at the fifth intercostal
space with right finger on the crown). Then, a K6L was used to record a 30-second 6-
leadelectrocardiogram while sitting (thumbs on the top electrode, and left knee or ankle on
bottom electrode; leads | and Il were recorded directly by the device, whereas the four
remaining peripheral leads were reconstructed). All acquisitions were made during the same
visit and supervised by a specialized nurse. All the electrocardiograms were recorded
digitally.

2.3. QTc assessment and ST-T wave pattern evaluations

All electrocardiogram evaluations were centralized, and were performed by a specialist in
inherited arrhythmia syndromes (A.D.),who was blinded at the time of analysis to the
genotype of the patients and to the data obtained on the other devices. Measurements were
performed manually using a digital caliper (EPCaliper; EP Studios, Inc., Louisville, KY,
USA). The measurements were obtained from lead Il in the electrocardiograms performed
with the three devices, and from lead V5 in the electrocardiograms performed with the 12L-
ECG and the AW. The QT interval was measured using the tangent method, and corrected to
the previous RR interval using Bazett’s formula (Fig. 1), according to the usual standards
[13]. When the quality of the recording was sufficient, three consecutive QTcs were
calculated and averaged. The ST-T wave pat-terns were classified according to the criteria
established by Zhang 2 et al. [2,14], as follows: LQTS type 1 (LQT1) patterns (broad-based T
wave, infantile ST-T wave, late-onset of normal-appearing T wave, normal-appearing T
wave); LQT2 patterns (obvious bifid T wave, subtle bifid T wave, low-amplitude and widely
split bifid T wave);LQT3/8 patterns (late-onset peaked/biphasic T wave, asymmetrical peaked
T wave); and Andersen-Tawil pattern (prominent U wave). Abnormal ST-T wave
morphologies not corresponding to the above categories were classified as non-specific
patterns. In order to assess the reproducibility of the evaluations, a cardiac electrophysiologist
(F.B.) analysed the electrocardiogram obtained with the three devices in a random subset of
10 (10.2%) patients (i.e. 50 QTc duration measurements and 30 ST-T wave pattern
assessments).There was a good level of agreement between the two specialists (QTc duration:
concordance correlation coefficient 0.800; ST-T wave pattern categorization: 83% of
agreement, k = 0.664, 95% confidence interval [CI] 0.416-0.911), which supported a
reproducible and reliable assessment of ventricular repolarization [8].



Table 1
Clinical characteristics of the patients (n=98).

Female sex 65 (66.3)
Age (years) 353+ 166(6-76)
Children 12(12.2)
Proband 59(60.2)
Symptomatic status

Life-threatening ventricular arrhythmia 17 (17.3)

Arrhythmic syncope 38 (38.8)
Management

Beta-blocker 84(85.7)

(lass | antiarrhythmics 5(5.1)

Implantable cardioverter defibrillator 13(13.3)

Pacemaker 4(4.1)

Data are expressed as number (%) or mean<standard deviation
(minimum-maximum value).

2.4. Statistical analysis

Statistical analysis was performed using jamovi, version 2.3(The jamovi project) and JASP,
version 0.18.3 (JASP Team).Continuous variables are expressed as mean * standard
deviation, whereas categorical variables are presented as frequencies and percentages (and
minimum-—maximum values). Agreement between devices and observers regarding ST-T
wave patterns was assessed by calculating Cohen’s kappa coefficient (k), which was
interpreted as follows: < 0.00 = poor agreement; 0.00-0.20 = slight agreement; 0.21-0.4 = fair
agreement; 0.41-0.60 = moderate agreement; 0.61-0.80 = substantial agreement; 0.81-0.99 =
near perfect agreement; and 1 = perfect agreement. For each measurement, the data obtained
on the corresponding lead (11 or VV5) on thel2L-ECG was used as reference (differences were
calculated as: 12 L-ECG — AW or 12L-ECG — KG6L). The quantitative electrocardiogram
measurements were compared between the devices using the paired Student’s t-test. The
Shapiro-Wilk test was used to test the normality of the distribution of quantitative variables.
The agreement between two observers for QTc duration measurement was assessed by the
concordance correlation coefficient. The correlation of the quantitative measurement between
the devices was estimated using Pearson correlation analysis for normally distributed
variables and Spearman correlation analysis for non-parametric variables. The correlation
coefficient r was interpreted as follows: 0.00-0.19 = very weak correlation; 0.20-0.39 = weak
correlation;0.40-0.69 = moderate correlation; 0.70-0.89 = strong correlation; and 0.9-1.00 =
very strong correlation. The agreement for the measurement of QTc between the 12L-ECG
and the two devices was evaluated using Bland-Altman analysis. For each test, a P value<
0.05 was considered statistically significant.4.



3.Results

3.1. Clinical characteristics of the subjects

Among the 111 subjects screened, 98 patients with LQTS were included in the study (Fig. 2);
66.3% were female, the mean age was35.3 £ 16.6 years and 12.2% were children (Table 1). A
pathogenic or likely pathogenic genetic variant in an LQTS gene was present in92.8% of the
patients. The most represented genotypes were LQT1(40.8%), LQT2 (36.7%), and LQT3
(7.1%), but rarer genotypes were also represented (Andersen-Tawil syndrome, 4.1%; LQTS8
and Timothy syndrome, 3.1%; LQT5, 1%). Only 3.1% of the patients had a variant of
uncertain significance, whereas 4.1% were of unknown genotype (Fig. 3A).

3.2. Electrocardiographic characteristics of the study population on the 12L-ECG

All patients were in sinus rhythm, with a mean heart rate of 60.9 + 13.0 (37-124) beats/min.
On the day of the recording, the mean QTc duration was 456.4 £ 35.5 (382-534) ms in Il
and453.0 + 35.5 (381-533) ms in V5. The mean maximum QTc between leads V5 and Il was
460.6 £ 35.1 (382-534) ms; 49.0% of the patients had a maximum QTc > 460 ms and 30.6%
had a maximum QTc¢ > 480 ms (Fig. 3B). The maximum QTcs according to genotype are
shown in Fig. 3C.

Among patients whose genotype was associated with well-described ST-T wave patterns (i.e.
LQTL, LQT2, LQT3/8 and Andersen-Tawil syndrome, n = 90), 72 (80.0%) had an ST-T wave
pattern typical of their genotype, 31 (34.4%) had a maximum QTc > 460 ms and 14 (15.6%)
had a maximum QTc > 480 ms. The details of the ST-T wave patterns according to genotype
are shown in Fig. A

3.3. Quiality of the electrocardiograms from the two devices.

The quality of the electrocardiograms was sufficient for the determination of the QTc over
three consecutive beats in most cases with both devices (AW: 96.7%; K6L: 95.9%). With the
AW, the quality of the recording was insufficient to allow measurement of the QTc in three
(3.1%) patients in lead Il (T wave too flat, n = 2; arte-facts, n = 1) and one (1.0%) patient in
lead V5 (T wave too flat). With the K6L, the quality of the recording was insufficient to allow
measurement of the QTc in four (4.1%) patients (T wave too flat, n = 2; artefacts, n = 2), and
for one (1.0%) patient, the QTc could only be measured on a single cycle. The quality of the



electrocardiograms was sufficient to allow evaluation of the ST-T wave patterns in all the
patients who had a recording via the AW, whereas artefacts prevented the evaluation of ST-T
wave patterns in eight (8.2%) K6Lelectrocardiograms.

3.4. ST-T wave pattern classification with the two devices

The results of the ST-T wave pattern analysis by genotype and by device are detailed in Fig.
4. Regarding the categorization of ST-T wave patterns between the five previously mentioned
pattern families (LQT1, LQT2, LQT3/8, Andersen-Tawil and non-specific pat-terns), the
agreement was moderate between the 12L-ECG and the AW (73% of agreement, k = 0.593,
95% CI 0.462-0.724), substantial between the 12L-ECG and the K6L (78% of agreement, k =
0.651,95% CI1 0.524-0.778) and moderate between the two devices (68%of agreement, k =
0.489, 95% CI 0.341-0.637).

111 Patients were screened

13 Patients were excluded

« 4: none of the 3 inclusion criteria

* 2: unvailable or unusable 12-lead electrocardiogram
* 2: no Apple Watch recording

« 5: no KardiaMobile 6L recording

98 Patients were included

Fig. 2. Study flowchart.
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3.5. Measurement of QTc interval duration with the two devices

For all three devices, the QTc durations were normally distributed, whereas the heart rate had
a non-parametric distribution. The heart rate was not significantly different between the 12L-
ECG and the AW (mean difference —0.918 + 0.716 beats/min; P = 0.20), and was slightly
higher with the K6L (mean difference—3.96 £+ 0.800 beats/min; P < 0.001). Regarding the QTc
duration measurement, there was a strong correlation between the 12L-ECGand the AW (r =
0.703 in lead Il and r = 0.646 in lead V5), a moderate correlation between the 12L-ECG and
the K6L (r = 0.593 in lead Il; Fig. 5) and a moderate correlation between the two devices(r =
0.679 in lead I1). Compared with 12L-ECG, the QTc was slightly longer with the AW (bias of
—14.2 msin lead Il [P < 0.001] and-17.1 ms in lead V5 [P < 0.001]) and slightly shorter with
the K6L (bias of +9.51 ms; P = 0.003; Table 2).
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Fig. 4. ST-T wave patterns according to genotype and electrocardiogram device. LQT1: LQTS type 1; LQT2: LQTS type 2; LQT3/8: LQTS types 3/8: LQTS: long QT syndrome.



3.6. Performances of the two devices for QTc interval classification

The diagnostic accuracy for QTc interval classification (long > 480 ms, normal < 480 ms) was
76.3% (95% CI 66.6-84.3%)for the AW and 77.7% (95% CI 67.9-85.6%) for the K6L. In
detail, regarding the identification of a QTc > 480 ms, the performances of the AW were as
follows: sensitivity 96.7% (95% CI 82.8-99.9%),specificity 67.2% (95% CI 54.6-78.2%),
positive predictive value56.9% (95% CI 42.2-70.7%), negative predictive value 97.8%
(95%CI 88.5-99.9%); and those of the K6L were as follows: sensitivity29.6% (95% CI 13.8—
50.2%), specificity 97.0% (95% CIl 89.6-99.6%),positive predictive value 80.0% (95% CI
44.4-97.5%), negative predictive value 77.4% (95% CI 67.0-85.8%).

4. Discussion

The present study demonstrates that in patients with LQTS, both the AW and the K6L provide
electrocardiograms of sufficient quality to allow assessment of the QTc duration and
evaluation of the ST-T wave pattern in the vast majority of patients. When comparing the ST-
T pattern families obtained with these devices with those obtained on the 12L-ECG, the level
of agreement was moderate for the AW and substantial for the K6L. In terms of QTc duration
assessment, the correlation between the 12L-ECG and the AW was strong, whereas that
between the 12L-ECG and the K6L was moderate. In addition, both wearable
electrocardiogram devices induced a systematic bias regarding the QTc duration: a slight
overestimation for the AW and a subtle underestimation for the K6L. Consequently, for the
identification of a prolonged QTc, the AW shows high sensitivity and low specificity,
whereas the K6L shows low sensitivity and high specificity.

Both devices allow direct acquisition (not reconstructed) of lead Il, in standard use according
to the manufacturer’s guidelines for the K6L, and following a simple manipulation for the
AW (which is initially designed to record lead 1) [7, 12]. As recommended by Postema and
Wilde in their expert guide to measuring the QT interval [13], lead Il should be favoured for
measurement of the QTc.

However, it is not uncommon for T waves to be too flat in lead Il to allow reliable QTc
measurement, whereas this is rare in precordial leads [15]. This phenomenon constitutes a
limit in the evaluation of the QTc based solely on the peripheral leads. In the present study,
the QTc interval could not be measured because the T waves were too flat in two patients
(2.0%) using the AW, in two patients (2.0%) using the K6L in lead Il and in one patient
(1.0%) using the AW in lead V5. The automatic computerized assessment of the QTc is often
fooled when the T wave has an atypical morphology [16], and the QT should therefore always
be measured manually in patients with LQTS. Both devices enable electrocardiograms to be
recorded in digital format, which allows comfort in the manual measurement of the QT by
taking advantage of the zoom and the digital calipers.
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Fig. 5. Comparison of corrected QT interval measurement between the 12-lead surface electrocardiogram and the two wearable electrocardiogram devices. A. Correlation
matrix for corrected QT (QTc; Bazett's formula) in lead 1l between the 12-lead surface electrocardiogram (12L-ECG) and the Apple Watch (AW) (Pearson's analysis). B.
Bland-Altman plot for QTc in lead Il between the 12L-ECG and the AW. C. Correlation matrix for QTc in lead V5 between the 12L-ECG and the AW (Pearson’s analysis). D.
Bland-Altman plot for QTc in lead V5 between the 12L-ECG and the AW. E. Correlation matrix for QTc in lead Il between the 12L-ECG and the KardiaMobile 6L (K6L; Pearson’s
analysis). F. Bland-Altman plot for QTc in lead Il between the 12L-ECG and the K6L.

Both devices allow relatively reliable measurement of the QTc, correlated with the reference
values obtained on the 12L-ECG. The correlation of the 12L-ECG with the AW is slightly
better than with the K6L. However, both devices resulted in a systematic bias, in opposite
directions. In line with previous work, the AW leads to a slight overestimation (on average <
20 ms) of the QTc [7,9], whereas the K6L results in a subtle underestimation (on average < 10
ms) of the QTc [5,10]. Heart rate was significantly higher with the K6Lthan with the 12L-
ECG, because recording with the K6L required patients to sit, whereas they were lying down



for the acquisitions using the 12L-ECG and the AW. In patients with LQTS, beta-blocker
treatment results in a reduction of the QTc, which is proportional to the increase in heart rate
[17]. In the present cohort, the rate of beta-blocker treatment was high (85.7%), and as the
heart rate was higher with the K6L, this could possibly explain the shorter QTc obtained using
this device. Taking these limitations into account, the use of these two devices may show
potential for the remote monitoring of patients with LQTS, particularly in situations where
patients present a transient risk of QTc prolongation (drugs, electrolyte disorders, fever in
patients with LQT2, etc.), but only after having obtained a reference electrocardiogram with
the wearable device in question, during a follow-up visit.

Table 2
Comparison between the 12-lead surface electrocardiogram and the two wearable

electrocardiogram devices.

12-lead surface electrocardiogram
QTcin lead i (n=98)

Mean £ 5D (ms) 4564+ 355
Minimum-maximum {ms) 382-534

QTcin lead V5 (n=98)
Mean £ 5D (ms) 453+£355
Minimum-maximum {ms) 381-533

Heart rate {n=-98)
Mean £ SD (beats/min) 609+ 13
Minimum-maximum (beats/min) 37-124

Apple Watch

QTcin lead Il (n=95)
Mean £ SD (ms) 47052374
Minimum-maximum (ms) 386-600
Pearson correlation coefficient r 0703 (P<0.001)
Bias (95% (1) -142(-20.0; -846)
Limits of agreement -69.6t0 +41.1

QTcin lead V5 (n=97)
Mean £ SD (ms) 47072422
Minimum-maximum (ms) 385-628
Pearson correlation coefficient r 0.646 (P<0.001)
Bias (95% CI) -17.1(-23.8;-104)
Limits of agreement -82.1t0+479

Heart rate (n=97)
Mean £ SD (beats/min) 619+£133
Minimum-maximum (beats/min) 35-124
Spearman correlation coefficient r 0.857 (P<0,001)

Bias (95% CI)
Limits of agreement
KardiaMobile 6L
QTcin lead Il (n~94)

-0.918 (-2.34; +0.504)
~14.738 to +12.903

Mean £ SD (ms) 44524323
Minimum-maximum {ms) 348-534
Pearson correlation coefficient r 0.593 (P<0.001)

Bias (95% CI)
Limits of agreement
Heart rate (n=94)

+9.51 (+3.28; +157)
-50.08 to +69.10

Mean £ SD (beats/min) 647+ 124
Minimum-maximum (beats/min) 40-124

Spearman correlation coefficient r 0733 (P<0.001)
Bias {95% CI) -3.96 (-5.55; -2.37)
Limits of agreement -19.15t0+11.24

CI: confidence interval; QTc: corrected QT interval duration ( Bazett’s formula); SD:
standard deviation.

Beyond the quantitative evaluation of the QTc, the present study proposes a qualitative
evaluation of ST-T wave patterns in wear-able electrocardiogram devices, an important
assessment method according to Peter J. Schwartz: “When | suspect the possible presence of
LQTS, I not only measure the QT interval but, being aware that sometimes it may just be
borderline, I also look at it. By this, | mean that | look carefully at the morphology of the T



wave [. . .]” [18]. Because of the significant overlap between the QTc values in patients with
LQTS and those observed in the general population [19], a meticulous assessment of the
repolarization morphology in addition to the QTc allows better identification of patients with
LQTS. Indeed, a significant proportion of patients with LQTS may have a non-prolonged QTc
at the time of resting electrocardiogram acquisition, and LQTS screening based solely on the
presence of a prolonged QTc (> 480 ms) has a sensitivity of only 19% [20]. Conversely, a
large majority of patients with LQTS have an ST-T wave pattern typical of their genotype on
the 12L-ECG, and LQTS screening based on the identification of specific ST-T patterns has
better sensitivity (LQT1: 61%; LQT2: 62%; LQT3: 33%; and Andersen-Tawil:84%) [2,14]

.In the present cohort, among the patients with the most com-mon genotypes (LQT1/2/3/8 and
Andersen-Tawil), only 15.6% had a QTc > 480 ms on the day of the evaluation, whereas 80%
had an ST-T wave pattern typical of their genotype on the 12L-ECG. Regarding the
classification of ST-T patterns, the level of agreement with thel2L-ECG was moderate with
the AW (k = 0.593), and substantial with the K6L (k = 0.651). It should also be noted that the
electro-cardiograms were too artefactual to allow evaluation of the ST-T wave patterns in
8.2% of the electrocardiograms obtained with theK6L, whereas the patterns could be
evaluated on all electrocardiograms obtained with the AW. The present findings show that the
ST-T wave patterns obtained with these two devices are of insufficient quality to replace the
12L-ECG for initial LQTS screening based on repolarization morphology analysis; they are,
however, of sufficient quality to be used for the follow-up of patients with LQTS.

4.1. Study strengths and limitations

The present study is the first prospective multicentre study evaluating two wearable
electrocardiogram devices in a large cohort of patients with LQTS, and is representative of the
broad spectrum of patients with LQTS (in terms of genotypes, age and ST-T wave patterns).
Several limitations should nevertheless be noted. There was no a priori sample size
calculation, because the rarity of LQTS makes it difficult to recruit a large number of patients
in a prospective study. The electrocardiogram recordings were made in the hospital, in a
supervised manner, and it is therefore possible that the quality of the electrocardiograms is
higher than that obtained when patients use their portable electrocardiogram devices in their
daily life. In addition, the electrocardiogram recordings were made sequentially, which could
artificially generate some differences between the recordings. Furthermore, no patient
presented ST-T patterns indicative of a high short-term risk of torsade de pointes (i.e. giant T-
U distortion, macroscopic T wave alternans, etc.), the ability of these devices to obtain such
patterns is thus unknown. However, a major strength of the study lies in the fact that both
guantitative (QTc duration) and qualitative (ST-T wave pattern)evaluations were carried out
for both devices. Finally, it would be interesting to evaluate other wearable electrocardiogram



devices that are currently available on the market (Fitbit Sense, Samsung Galaxy Watch,
Withings Scan Watch, etc.).

WEARABLE ELECTROCARDIOGRAM DEVICES IN PATIENTS WITH CONGENITAL LONG QT SYNDROME: THE SMART-QT STUDY
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Central Illustration. Wearable electrocardiogram devices in patients with congenital long QT syndrome: The SMART-QT study. QTc:
corrected QT interval; LQT1: LQTS type 1; LQT2: LQTS type 2; LQT3/8: LQTS types 3/8; LQTS: congenital long QT syndrome; VUS: variant
of uncertain significance; yo: years old.

5. Conclusions

This prospective multicentre study of a large cohort of patients of all ages with LQTS shows
the quantitative and qualitative abilities of two wearable electrocardiogram devices (AW and
K6L) for the assessment of QTc in these patients. These devices cannot replace the 12L-ECG
for the follow-up of patients with LQTS because of their limitations, but could be useful tools
when a 12L-ECG device is not available (Central Illustration).
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